Introduction
Community colleges are a crucial point of access to higher education for low-income and minority students. Many of these students would not be in college if community colleges-or similar institutions-were not available (Alfonso, 2004; Rouse, 1995) . The community college access mission is built on low tuition, convenient location, flexible scheduling, an open-door admissions policy, and programs and services designed to support at-risk students with a variety of social and academic barriers to postsecondary success (Cohen & Brawer, 1996) .
While community colleges have played a crucial role in opening access to higher education to a wide variety of students, access alone is not sufficient. In recent years, policy makers, educators, accreditors, and scholars have increasingly turned their attention to student persistence and completion, but most of the research and attention has focused on the educational outcomes of baccalaureate students and not those who begin at a community college.
Many community college students never finish a degree. Indeed, for students who enrolled in a community college as their first postsecondary enrollment in the 1995-96 academic year, only 36 percent had completed either a certificate, associate, or bachelor's degree within six years. Another 22 percent were still enrolled in college (about three-fifths of those were enrolled in a four-year institution). Therefore, 42 percent of students who started college in a two-year public institution left college within six years after initial enrollment without a degree or certificate. Low-income, minority, and first-generation college students all have even lower six-year completion rates. And those who do complete among these populations tend to earn lower-level credentials-for example, a certificate rather than an associate or bachelor's degree. 1 How can community colleges improve their graduation rates? Certainly one strategy would be to be more selective. Extensive research has shown that students who have stronger high school records, who come from higher income families, whose parents also went to college, who do not delay college entry after high school, who attend full time, and who do not interrupt their college studies are more likely to graduate (Adelman, 1999; Bailey, Alfonso, Scott, & Leinbach., in press; Cabrera, Burkum, & La Nasa, in press ). But such a strategy would defeat the purpose of the open-door community college institution. Community colleges are committed to providing a place in higher education for all students who meet minimum criteria. In many states, students can attend community college even if they do not have a high school diploma or equivalent and in many colleges, a majority of students, after being assessed, are determined not to be prepared for college level coursework. The question facing community colleges, then, is not how to attract better students (although surely many would like to do that), but rather how to do a better job with the types of students they already have. Indeed, there is some evidence that colleges differ in their effectiveness in helping students to graduate since community college graduation rates vary significantly, even after controlling for characteristics of the student body (Bailey, Calcagno, Jenkins, Leinbach, & Kienzl, in press ).
The goal of the study presented here is to identify institutional characteristics that affect the success of community college students. In this article, we examine several characteristics that are under the control of either the colleges or state policy makers. They include the size of the college; tuition levels; the use of part-time faculty; overall expenditures per student; the distribution of those expenditures among possible functions such as instruction, administration, and student services; the extent to which the college focuses on certificates as opposed to associate degrees; and the level of financial aid.
While there is extensive research on the determinants of educational outcomes for K-12 education (Hanushek, 1986; and a growing literature on this topic for baccalaureate institutions, few researchers have attempted to address the issue for community colleges. In this study we measure the probability that a student will have a successful educational outcome, controlling for both their individual characteristics and the characteristics of the institutions that they attend. Our sample is drawn from the National Education Longitudinal Study of 1988 (NELS:88), which also provides our detailed individual level characteristics. Our institutional variables are drawn from the Integrated Postsecondary Education Data System (IPEDS).
The structure of this article is as follows. Section 2 reviews the existing literature addressing the factors that affect student success rates at both baccalaureate institutions and community colleges. In Section 3 we introduce the empirical model using NELS and IPEDS data to measure the institutional effects on community college graduation rates. Section 4 presents the findings from this analysis, and in Section 5 we explore some of these findings in more detail and test the robustness of our analysis. Finally, we summarize and discuss our findings in Section 6.
Existing Research
Education economists have studied educational production functions for more than 30 years. Also called an input-output approach, the method allows researchers to understand the effect of student and institutional characteristics on educational outcomes such as student achievement. In widely-cited articles, Hanushek (1986; summarized the existing literature where questions like "Do schools make a difference?" or "Does money matter?" are repeatedly addressed.
Research by economists on community college outcomes has focused on the economic payoff of enrolling in a two-year program and receiving a degree (Grubb, 2002; Kane & Rouse, 1995; or on the effectiveness of transferring to a four-year institution (Ehrenberg & Smith, 2004; Leigh & Gill, 2003; Rouse, 1995) . As a result, production functions are not widely used to estimate the effect of student and institutional characteristics on higher education outcomes like completion for community college students.
The most widely used conceptual frameworks of persistence and completion developed by education researchers are based on Tinto's Student Integration Model (1993) and Bean's Student Attrition Model (1985) . These models have generated an immense amount of research and conceptual development. The central institutional implication of the models is that administrators and faculty should try to foster the academic and social engagement of their students in and with the colleges. The large majority of the research inspired by these models has consisted of single institution studies which do not allow an analysis of the influence of differences in institutional characteristics . Drawing on the various theories that have emerged from the engagement models, Titus (2004;  in press) developed a list of institutional characteristics that might influence student persistence, including control (public or private), whether the college is residential, college size, sources of revenue, and patterns of expenditure. Other than those variables, all of the other institutional variables concern the characteristics of the institution's students. The hypothesis is that the goals, characteristics, academic performance, and behavior of a student's peers have an influence on that student's persistence.
There has also been extensive research on individual postsecondary educational outcomes using nationally representative samples such as the Beginning Postsecondary Student Longitudinal Study (BPS) and NELS, and this research has shown that students who have stronger high school records, who come from higher income families, whose parents went also went to college, who do not delay college entry after high school, who attend full time, and who do not interrupt their college studies are more likely to graduate (Adelman, 1999; Bailey et al., in press; Cabrera et al., in press ). However, the models in these studies do not account for variation among institutions and their effects on student outcomes. That is, they do not consider that the characteristics of the institution that a student attends might influence his or her outcome.
In contrast, the growing production function research on colleges takes the institution as the unit of analysis and estimates the influence of institutional characteristics (including average student characteristics) on college graduation rates (Astin, Tsui, & Avalos, 1996; Mortenson, 1997; Porter, 2000; Ryan, 2004; Scott, Bailey, & Kienzl, in press ). Almost all of this work has concerned four-year colleges and the research generally concludes that colleges serving students with higher SAT scores and from higher income families, with higher proportions of full-time and female students, and higher instructional and academic support expenditures per full-time equivalent (FTE) student, have higher graduation rates. Only one study has conducted this analysis for community colleges (Bailey et. al., in press) , and it concluded that institutions with a larger enrollment and a high share of minority students, part-time students, and women have lower graduation rates. In addition, their results confirm that greater instructional expenditures are related to a greater likelihood of graduation. Titus (2004; in press) has recently published research on persistence in four-year colleges that includes both institutional and individual characteristics. He merged two nationally representative datasets (BPS:96/98 and IPEDS 1995) to consolidate individual student data with the institutional information from the college where each student enrolled. He concluded that persistence is higher at more selective, residential, and larger institutions (Titus, 2004) . In a subsequent paper he analyzed the effects of financial variables and found that a higher expenditure per full-time equivalent student is associated with greater persistence, although within expenditures, colleges with relatively higher administrative expenditures tended to have lower persistence. Graduation rates were also higher at colleges in which a larger share of revenue came from tuition. Second, many students now attend more than one postsecondary institution (Adelman, 1999; Burd; . Given the growth of multi-institutional attendance, particularly among students who enter higher education through community colleges, our study incorporates the effect on a student's educational outcome of every institution attended. We thereby account for the entire undergraduate experience of a student. The graduation rates used in most of the research on institutional determinants of persistence (the research that uses the institution as the unit of analysis), do not include students who transfer to another institution; students who transfer are counted as dropouts rather than as potentially successful transferees. By using individual data we were able to track students as they move among institutions, keeping in mind that each institution contributes to the intellectual and social development of the student and affects his or her educational outcome.
Third, unobserved institutional factors like leadership, faculty relations, and local political environment may have a bearing on students' outcomes. We therefore used a technique that takes account of unobserved institutional characteristics to compute consistent coefficients for the observable variables.
Empirical Model and Data

Econometric Models
In this paper we define a community college student as successful if he or she attains any degree (certificate, associate, or bachelors) or transfers to a four-year institution. Therefore, we coded the dependent variable as a binary one with a value of unity if we observed any of the mentioned successful outcomes, and zero otherwise. Following the discussion in the last section, we used both students and institutional characteristics to explain community college student success. By restricting our analysis to students whose initial postsecondary institution was a community college, we could model the probability that a student will succeed as follows: 
where Φ (.) denotes the standard normal cumulative density function. Maximum Likelihood estimation guarantees asymptotically unbiased estimates. However, standard errors will be misleading and need a robust variance-covariance matrix to account for serial correlation within institutions (Guilkey & Murphy, 1993; Wooldridge, 2002) .
Our Model 1 assumes that heterogeneity in students' probability to graduate is only affected by observable characteristics of the institution. However, other unobserved institutional factors like leadership, faculty relations, and the local political environment may have a bearing on students' outcomes. Moreover, research on graduation rates at baccalaureate institutions often finds that more selective institutions have higher graduation rates than those enrolling less academically ready students (Astin et al., 1996; Pascarella & Terenzini, 1991; . Nevertheless, there is not a widely used and available measure of the academic preparedness of community college students. Our Model 2 is designed to account for the institution-level unobserved factors that may affect the individual's propensity to graduate. We decompose the error term in equation (1) Unlike in the linear case, the incidental parameter problem (Neyman & Scott, 1948) contaminates the estimation of β . 2 In the case of random effects, standard practice assumes that c α and ic u are independent and identically distributed random variables with mean zero and 
However, c α is unobservable and cannot be part of the likelihood function. Heckman (1981) noted that since the dependence in the error term ic v is completely due to the common variation in the c α , the distribution of * ic y conditional on c α is independent normal and, therefore, the problem can be solved by integration of the likelihood function with respect to c α .
The individual contribution to the likelihood is: In practice, estimation by maximum likelihood can be automatically implemented using, for example, the Stata xtprobit command .
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For Models 1 and 2, we used institutional data from the first year of a student's enrollment in a community college. In so doing, we ignored the characteristics of other institutions in which a student may enroll. Based on the NELS:88 survey, we found that over 40 percent of community college students enroll in more than one institution during their postsecondary education. We would expect that their enrollment at any particular institution has an impact on their outcome at all succeeding institutions in which they enroll. Therefore, as an extension of Model 1, in Model 3 we created an index value for each institutional characteristic as a weighted average of all the institutions attended. The weight in each case is proportional to the full-time equivalent (FTE) months enrolled in each institution relative to the FTE months enrolled at all institutions, prior to the student outcome event (certificate; degree; transfer; or last enrolled, if no outcome). 
Dataset and Variables
To obtain student characteristic and enrollment information, we used data from the The NELS:88 data provide complete information on the type of credential earned (certificate, associate degree, bachelor's degree, and post-baccalaureate degree) as well as the date earned. For purposes of this analysis any certificate or degree earned was considered a positive outcome or an indication of success. In addition to credentials, the transcript data for students allowed us to observe whether a student transferred from a community college to a baccalaureate institution within the eight-year window. Such a transfer, regardless of whether it was accompanied by a degree at either the transfer-out or transfer-in institution, was also included as a positive outcome for community college students.
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Institutional Variables: The relationships between persistence and institutional characteristics and practices are the central issues addressed in this article. We drew these explanatory institutional variables from the Integrated Postsecondary Education Data System (IPEDS), which contains information on aggregate student characteristics, faculty, enrollment, and finances reported by institutions to the National Center for Education Statistics. From these data, we created a file of each institution's characteristics for every school year of NELS:88. We merged the institutional characteristics file with the student characteristics file by institution identifier and school year of enrollment to assign the appropriate institutional characteristics.
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The set of institutional characteristics can be divided in four groups: general institutional characteristics which are under the control of the colleges or state policy makers; compositional characteristics of the student body; financial variables relating to revenue and expenditures; and fixed locational characteristics.
The general institutional characteristics that are (at least in principal) under the control of the college or state policy makers include institution size, the proportion of the faculty working part time, and the balance between certificates and associate degrees awarded. Of these variables, institution size has been the most studied and there have been mixed conclusions. In a study of baccalaureate institutions, Titus (2004) found that larger four-year institutions have significant positive impacts on persistence, explained by the belief that larger institutions have stronger institutional socialization capabilities and offer degrees possessing higher status. It would seem easier, however, to create a socially and academically engaged environment in a small institution, so a negative relationship between size and persistence would also be consistent with the engagement model. Indeed, Pascarella and Terenzini (1991; , Bailey et al. (in press) , and Toutkoushian and Smart (2001) found that size is negatively related to measures of success and student gains in baccalaureate institutions. Moreover, Alfonso (2004) found that institutional characteristic variables have differential effects on degree attainment depending on the 10 NELS reports students' colleges by IPEDS ID number, so we were able to associate the characteristics of the college, reported in IPEDS, with the individuals in the NELS sample.
race/ethnicity of the student. She found that Hispanics who enroll in large community colleges are less likely to earn an associate degree than are those who attend smaller two-year colleges, while the educational attainment of blacks is higher when they attend private two-year colleges.
We used a step function based on intervals of full-time-equivalent enrollments to measure institutional size which allowed us to capture nonlinear effects on size (Titus, in press ).
The use of part-time faculty is a key cost saving strategy for community colleges, and indeed most four-year colleges. The use of many adjuncts is generally considered a poor educational practice, however, and accreditors set minimum percentages for full timers. Many part-time professors probably make it difficult for colleges to develop the type of environment envisioned by the engagement model. Conversely, especially in occupational fields, which are more important for community colleges than four-year institutions, part-time practitioners may be particularly effective. Empirical evidence on the effectiveness of adjunct faculty is mixed.
Jacoby (in press) found a negative effect while Ehrenberg and Zhang (2004) found no effect.
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We used the percentage of the faculty accounted for by part timers as our variable for this feature.
Community colleges have many missions, including preparing students to transfer to baccalaureate institutions and training them in occupational fields where they can work immediately after college. Colleges that confer relatively more certificates tend to put a greater emphasis on the short-term workforce development function than on the more academic transferoriented function. Research on institutional graduation rates, using completion of any degree or certificate as a successful outcome, has shown that that the colleges emphasizing certificates have higher graduation rates (Alfonso, Bailey, & Scott, 2005; Bailey et al., in press ). This may be true simply because it is easier to complete a one-year certificate than a two-year associate degree. From this perspective, the ratio of associate to certificate degrees conferred is an important control variable. But some researchers have argued that these missions can conflict and that graduation and transfer rates would be lower in colleges emphasizing direct occupational preparation (Brint & Karabel, 1989; Dougherty, 1994) . We tested this hypothesis by including the certificate/associate variable in an analysis limited to students in associate degree programs. Since these students were not seeking certificates, then the fact that certificates are easier to complete will not be a factor in the analysis. If a workforce preparation emphasis weakens the transfer and associate degree function, then we would expect that the coefficient for this variable would be negative in the model with only associate degree students.
Student Compositional Characteristics:
Most of the studies of institutional effects on graduation rates have used the college as the unit of analysis and therefore they have not controlled for individual characteristics. Thus the direct effect of a variable-say, attending part time-is captured in a variable measuring the percent of part timers among all enrolled students.
If part-time students graduate at a lower rate, then a college with more part timers would have a lower institutional graduation rate. In our analysis, though, we controlled for these individual characteristics; therefore, the institutional compositional variables (i.e., the percent part-time students) captured the indirect or peer effects-i.e., a full-time student would be less likely to persist if he or she attends a college dominated by part timers. Our analysis included measures of overall household income levels and the percent of part-time, female, and minority (comprising African American, Hispanic, and Native American) students. What effect would we expect these variables to have?
Research on peer effects suggests that college students benefit when they take classes with or study with high-performing students (Winston & Zimmerman, 2004) . But most of this work has focused on four-year colleges and, even among such studies, on selective four-year colleges. Assuming that this conclusion holds for community colleges, we would expect that colleges with high proportions of women, higher income students, and full-time students would have higher graduation rates, even after controlling for individual characteristics, since members all of these groups tend to be more successful students (Toutkoushian & Smart, 2001 ). Research on four-year colleges that does not control for individual characteristics tends to confirm these relationships, although Titus (2004) , who did control for individual characteristics, found no effect.
The engagement model would also predict that a prevalence of part-time students would weaken persistence, since many part-time students make it more difficult to develop the socially and academically engaged environment called for by this perspective. On campuses with a highly heterogeneous population it might also be more difficult to establish an environment conducive to engagement. Titus (2004) tested the effect of a measure of racial diversity and found no effect for four-year colleges.
Financial Characteristics: These characteristics include federal student aid per FTE;
average undergraduate in-state tuition; and average expenditures per FTE in instruction, academic support, 12 student services, 13 and administration. 14 The federal aid measure, which is primarily comprised of Pell Grants awarded to low-and middle-income students, also acts as a 12 Academic support includes expenses for activities and services that support the institution's primary mission of instruction, research and public service, like for example, display of educational materials in libraries, museums, or galleries. 13 Student services include expenses for admissions, registrar activities, and activities whose primary purpose is to contribute to students' emotional and physical well-being and to their intellectual, cultural, and social development outside the context of the formal instructional program. 14 Administration includes expenses for the day-to-day operational support of the institution, like general administrative service or logistic services. proxy for the relative income level of the student body. 15 Given that we were controlling for student socio-economic status and receipt of financial aid, we expected that tuition levels would be negatively associated with persistence-the greater the financial burden of attendance, the more difficulty students would have in staying in college.
Based on the findings of previous research, we expected expenditures in instruction and academic support to have a positive effect on the probability of success of community college students. Titus (2004) and Ryan (2004) found negative effects for this variable in four-year institutions and argued that, although these expenses are necessary for day-to-day work, they might divert funds from more effective expenditures like instruction. Finally, we expected important effects if institutions spending large amounts on student services succeeded in compensating for the deficiencies that their students face (Astin, 1993) . However, it is possible that colleges may spend more on student services and still not be able to help their students overcome the multiple barriers to success that they face (Ryan, 2004) .
Fixed Location Characteristics:
Our fourth category consists of just one variable: the college's location in an urban, suburban, or rural area. There is no strong argument for expecting any particular effect here. Perhaps suburban colleges might be expected to have more resources, especially in states where colleges collect revenue from local taxes, but this possibility ought to be accounted for by our expenditure variables. We included this variable to control for any factors that might be captured by a college's location 16 .
Individual Variables: Our primary interest in this paper is in the effect of institutional factors, but we included individual characteristics as controls. We selected the individual 15 Ehrenberg and Zhang (2004) also used the proportion of undergraduate students receiving a Pell Grant at the institution. However, Romano and Millard (2005) questioned its use as a proxy for relative income level of the community college student body. 16 We also estimated our models with state dummies to capture any unobserved factor shared by institutions in the same state. However, results did not change after controlling for state fixed effects.
characteristics for equation (1) for the model based on factors that previous studies have indicated are related to degree completion. Adelman (1999; , Bailey et al. (in press ), and Cabrera et al. (in press) found that students who have stronger high school records, who come from higher income families, and whose parents went also went to college are more likely to graduate. To measure socioeconomic status (SES) we used a composite variable in NELS:88 that included parental education, parental occupation, and total household income. Academic readiness was approximated using tenth grade composite test scores. We also included fixed controls for gender, race/ethnicity, and declared major. Findings from previous research indicate that we should expect full-time enrollment to increase the probability to graduate, while delaying college entry after high school and interruptions while enrolled predict lower levels of integration with the institution and, as a result, decrease the probability to graduate (Pascarella & Terenzini, 1991; Tinto, 1993) . We therefore added dummies for students who took remediation courses in the first year of enrollment (Adelman, 1999) , while full-time intensity and interruptions were measured throughout the entire period of enrollment. We estimated our models for two different samples. The first comprised all students whose initial postsecondary education was at a community college. The second was a subset containing community college students enrolled initially in an associate degree program. In the latter case, we excluded a certificate as a successful outcome since students in an associate degree program generally do not have earning a certificate as their goal. Although the main interest of the research is to understand the effect of institutional characteristics on community college student outcomes, we recognize that community college students are quite heterogeneous, especially in terms of their educational goals. 18 Conducting a separate analysis for associate degree program students is a way to circumvent the problem.
Descriptive statistics for each sample group are provided in Tables 1 to 3 . Table 1 shows that, overall, 54.6 percent of all community college students attained some outcome between 1992 and 2000. Interestingly, barely 6 percent received a certificate degree as highest outcome, 15 received percent an associate degree, 15 percent transferred to a four-year institution, and 17 percent received a bachelor or post-baccalaureate degree before 2000. Recall that the NELS:88 sample contains mostly students who entered college soon after high school graduation, following the traditional pattern of postsecondary enrollment. Therefore, the sample is not a representative cross-section of all community college students, but by design is representative of a cohort of young adults. percent minority students (black, Hispanic, and Native American), 56 percent female students, and 37 percent part-time students. The average student enrolled at an institution where, overall, students received on average of $1,073 dollars in Pell Grants and paid $1,327 in tuition.
Similarly, the average institution spent $2,925 on instruction, $472 on academic support, $608 on student services, and $1,329 on administrative expenses per FTE student. Note also that the variable means are reasonably similar for the associate degree sample.
Finally, Table 3 shows the descriptive statistics of the students in our sample. NELS students whose initial enrollment was a community college are characterized by a larger number of minorities and historically underrepresented students, and they come from relatively disadvantaged backgrounds as measured by SES and academic readiness. Fifty-three percent of these students took remedial education in their first community college, 41 percent interrupted enrollment, and only 17 percent attended full time. The subset of associate degree students show similar statistics.
Findings
The regressions effects of institutional characteristics for the whole sample of community college students and the subset of associate degree students are shown in Tables 4 and 5, respectively. 19 The second column of Table 4 presents results of Model 1, the pooled Probit regression (eq. 1). We used a robust variance covariance matrix to account for serial correlation within clusters. Consistent with previous research (Bailey et al., in press; Pascarella & Terenzini, 1991; , we found that students enrolled in medium-size community colleges (1,001-5,000 FTE undergraduates) are between 13 and 15 percent less likely to have a successful outcome than the reference students in small institutions (fewer than 1,000 FTE undergraduates).
Similarly, students enrolled in institutions with large proportions of part-time faculty and minority populations are less likely to attain a degree. A $1,000 increase in in-state tuition decreases the probability of graduating by 4 percent among NELS students, although the result is statistically weak.
When we accounted for possible unobservable institution-specific effects in Model 2, the coefficients on medium-size institutions, percentage of part-time faculty and minority students remained as statistically important negative factors associated with the probability of graduation, although the size effect is smaller than before. Students enrolled in medium-size institutions are 10 percent less likely to have a successful outcome that than are the reference students in small institutions. Similarly, students enrolled in an institution with student body comprised of 75 percent minority students are 9 percent less likely to succeed than are students enrolled in institutions only with 25 percent minority students. 20 Finally, the last column presents results for Model 3. After accounting for multiple institutions attended by the students, the pattern for the significant institutional covariates remained. Across specifications, size and the proportions of part-time faculty and minority students are important negative factors associated with our measure of success. However, the statistical association between in-state tuition and the probability of graduating found in Model 1 vanished.
We now focus our attention on a more homogeneous population: students initially enrolled in an associate degree program, as shown in Table 5 . Examining the effects of the first institution only, the results echo the patterns for the whole set of community college's students.
Model 1 shows that size, part-time faculty, and minority student population are also negative factors associated with the probability of graduation for associate degree students. Interestingly, relatively large expenditures on academic support by community colleges is negatively associated with the probability to complete. Perhaps academic support at community colleges is not effective, or this result may reflect added effort by colleges to address academic deficiencies, not captured by our test score variable, of their students.
The third column on Table 5 controls for unobservable institution-specific effects.
Results support the evidence found for the whole group of community college students. Increases in the size of the institution have a strong negative effect on the probability of student success.
For example, students enrolled in institutions with 2,501 to 5,000 FTE undergraduates are 17 percent less likely to graduate than the reference group: those enrolled in community colleges with 1,000 FTE students or less. Note also that having more part-time faculty is a negative factor affecting the probability of success of a student enrolled in an associate degree program (Jacoby, in press), although the result is statistically weak.
The fourth column on Table 5 shows the effects of multiple institutions on student completion. Here, the statistical significance of institution size remains strong. The outcomes for associate degree program students are affected negatively by increases in the proportion of parttime faculty. Similarly, a larger percentage of minority students is associated with a lower likelihood of graduation. For example, students enrolled in an institution with a student body that is 75 percent minority are almost 28 percent less likely to succeed than are students enrolled in an institution with only 25 percent minority students (see footnote 15).
Finally, we tested the relative effect of individual student characteristics compared with institutional characteristics. Although measures of fit in limited dependent variable models do not have the same interpretation as with a linear regression model, they do provide some indication about the accuracy with which the model fits the data (Maddala, 1983) . We first fitted each model with a constant term, and then added sequentially the individual characteristics (block 1) and the institutional variables (block 2) to compute Pseudo-R 2 using the log-likelihood values in each model. The analysis of measures of fit is presented on Table 6 . Results suggest that the addition of 16 institutional covariates improves the fit of the model, although the impact is relatively small. This finding indicates that individual student characteristics have a greater bearing on individual graduation rates than do institutional characteristics, or at least the institutional characteristics that are measured by IPEDS. Data on more specific institutional policies, practices, and programs may show these to be more influential than the more macro characteristics such as size, student composition and overall expenditures that we use in this study.
Robustness and Limitations of the Results
The first robustness test examines whether the pooled Probit or the random effect Probit models is a more appropriate specification based on the assumptions each model imposes. For this test, rho, ρ , was first estimated via a random effect Probit model in equation (4). 21 The rho term refers to the proportion of the total variance contributed by the unobserved heterogeneity at the institution level and is reported in last row on Tables 4 and 5 for Model 2. Eleven percent of the variance in the unexplained outcome of all community college students can be explained by the unobserved institution-specific effect. Similarly, 13 percent of the unexplained variance in the outcomes of students in the associate degree student sample can be attributed to unobserved institutional level effects.
After estimating rho, we compared the pooled Probit and the random effect Probit models using a likelihood ratio test for rho. More specifically, we tested whether ρ = 0, the null hypothesis. The likelihood ratio test was distributed Chi-square with one degree of freedom and assumed values of 16.43 for all the community college students and 7.11 for the associate degree sample. These results provide strong statistical evidence at a 1 percent level against the null hypothesis. We conclude, therefore, that the random effect Probit model is the most appropriate specification.
Finally, we conducted a parallel analysis using a different dependent variable. A dummy variable as a measure of success of community college student outcomes can hide important information and, therefore, we used the cumulative number of credits earned. This alternative measure of success has the important advantage of being a continuous variable and consequently, common linear regression tools can be used. At the same time, a cumulative credit earned has a highly non-normal distribution since community college students have a high propensity to drop out after earning fewer than 10 credits. 22 After accounting for the non-normality with a logarithmic transformation, we re-estimated Models 1, 2, and 3 for both samples of students and found results statistically consistent with the estimates presented here.
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Some analytic problems remain. For example, we still must rely on the crude institutional measures available in IPEDS. So, while we may know that an individual is from a low-income 22 Excellent examples of these distributions and a detailed analysis can be found in Kane and Rouse (1995) . 23 Results are available upon request from the authors.
family, we have no reliable information on the economic background of the typical student at that individual's college. In addition, we do not have measures of specific institutional policies, such as the types of student services or pedagogic strategies used to improve retention and completion. Finally, the NELS:88 sample is made up almost entirely of traditional-age college students, and therefore provides no information on older students, who comprise an important part of community college enrollments.
Discussion
The overarching goal of this study is to measure the institutional characteristics that affect the success of individual community college students. While there is extensive research on the institutional determinants of educational outcomes for K-12 education and a growing literature on this topic for baccalaureate institutions, few researchers have attempted to address the issue for community colleges. We carried out an analysis using individual data from the National Education Longitudinal Study of 1988 (NELS:88) and institutional information from the Integrated Postsecondary Education Data System (IPEDS) to analyze a student's probability of completing a certificate or associate degree, or of transferring to a baccalaureate institution.
This approach enabled us to estimate the institutional effect on a student's likelihood of completing a postsecondary credential or transferring to a four-year college while controlling for individual characteristics such as a student's socioeconomic background and scores on standardized tests administered in high school. We assessed the effects of linking institutional variables from IPEDS to the individual student records from NELS:88. Our estimation strategy addressed two methodological challenges: unobserved institutional effects and multiple institution attendance.
A summary of our results is displayed in Table 7. The table also compares our results to findings from research on community colleges that uses the college as the unit of analysis and does not control for individual characteristics and to research on four-year colleges that does and does not control for individual characteristics.
Our results are reasonably consistent across both population and specifications. What do these findings imply about the policy, compositional, and financial variables that we analyzed?
First, graduation rates go down as school size increases. This finding contrasts to some findings about four-year colleges, but it is consistent with other institutional analyses of two-year colleges. Our finding is also consistent with the notion that the more personalized atmosphere and services that would seem to be likely at a smaller institution may benefit at least the traditional-age student population in the NELS sample.
Second, students in colleges with more part-time faculty also have lower graduation rates.
This result agrees with community college studies that do not control for individual characteristics. Our results provide strong support for the conclusion that a greater emphasis on occupational training or workforce development (as indicated by a larger share of certificates among credentials conferred) lowers graduation rates.
Compositional factors have some effects as well. Our research provides some support for the hypothesis that colleges with a larger share of minority students have a lower graduation rate, a result that is consistent with research using institutional data at both community colleges and four-year colleges. Given that we are controlling for race, test scores, and SES, this is a result certainly worth further study.
In general, financial factors do not have strong effects. Expenditure patterns and tuition levels, at least within the ranges present in this sample, are not related to differences in the graduation probabilities. It is interesting that these variables appear to have a stronger influence on graduation from four-year colleges.
Further, we found that individual characteristics are more strongly related to the completion probabilities than are institutional factors. There may be several explanations for the apparent greater importance of individual characteristics. First, the findings suggest that wellprepared students with economic resources are likely to survive and do well in a variety of institutions. Likewise, students with many challenges, including personal and financial responsibilities, may have trouble even in strong colleges.
Alternatively, the magnitude of some variables may reflect a response to perceived student need as well as to some exogenously determined institutional policy. For example, colleges whose students face multiple barriers may spend more on student services. While we have tried to control for student characteristics, there may be important factors that are not measured in our datasets. In this case, even if student services are effective in increasing retention, the negative effect of the initial student characteristics may offset the positive program effect resulting in a coefficient that suggests no effect.
Third, individual variables are measured with much more precision than institutional variables, especially with respect to the influence of factors on individuals. Students' individual characteristics obviously influence their experience, but colleges are often comprised of subcultures or sub-communities. The characteristics of these groups are probably much more important to individual students than average characteristics of the whole institution.
Finally, we may simply not have data on the most effective institutional policies. Key: + = statistically significant positive effect on completion. -= statistically significant negative effect on completion. 0 = no statistically significant effect. +/-= research findings are contradictory. +/-/0 = state effects are statistically significant; the size and direction of the effects depend on the state. na = not applicable to institution type. nm = no measure for the given characteristic.
